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Coronary arteriesAbstract Background: Chronic kidney disease (CKD) is highly prevalent with signiﬁcant morbid-
ity and mortality rates among patients with coronary artery disease (CAD). The Synergy between
Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery (SYNTAX Score) predicts
the outcomes of patients undergoing percutaneous coronary intervention. Our aim was to evaluate
the correlation between CKD and severity of coronary artery stenosis by calculating SYNTAX
Scores in non diabetic CKD patients.
Patients and methods: SYNTAXScorewas calculated for 180 nondiabetic patientswithCKDsched-
uled for coronary angiography. Serum creatinine, estimated Glomelular Filteration Rate (e-GFR)
and 24-h proteinuria prior to Invasive Coronary Angiography (ICA) were assessed in all patients.
Patients were divided into two groups according to their e-GFR, group 1 with e-GFR P15 to
<30 ml/min per 1.73 m2 and group 2 with e-GFRP30 to <60 ml/min per 1.73 m2.
Results: Coronary arteries lesions complexity increased progressively with decreasing kidney func-
tion as there was signiﬁcant negative correlation between e-GFR and SYNTAX Score (r= 0.5,
P= 0.0004) and signiﬁcant positive correlation between 24-h proteinuria and SYNTAX Score
(r= 0.6, p= 0.0001).
Conclusion: Estimated glomerular ﬁltration rate and 24-h proteinuria were predictors of higher
SYNTAX Scores.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Cardiology.1. Introduction
It is well known that cardiovascular disease is the commonest
cause of death among patients with end-stage renal disease.1–5
However, cardiovascular risk is not limited to end-stage renal
disease, and risk of cardiovascular mortality begins to increase
Table 2 correlation between SYNTAX Score and disease
variables.
P value Correlation (r) Disease variables
0.0005 0.4 Serum creatinine
0.0001 0.6 24 h proteinuria
0.0004 0.5 e-GFR
22 M.A. Ghany et al.with even mild impairment of kidney function as with in-
creased urinary protein excretion.6,7
Among subjects with normal kidney function, proteinuria is
associated in a continuous fashion with an increased risk of
these outcomes, which is further ampliﬁed in the setting of re-
duced e-GFR.8–11
The SYNTAX Score was developed to characterize the cor-
onary vasculature with respect to the number of lesion’s loca-
tion, complexity, and functional impact. Higher SYNTAX
Score indicates a complex condition, a bigger therapeutic chal-
lenge, and a potentially worse prognosis in patients undergoing
revascularization.12
Our study was designed to evaluate the relationship be-
tween kidney function indices (eGFR and 24-h proteinuria)
and the SYNTAX Score in non diabetic CKD patients.
2. Methods
2.1. Study population
Our study was a prospective, single center analysis of 180
consecutive patients with CKD (e-GFR P15 to <60 ml/
min/1.73 m2) who underwent coronary angiography in the
Cardiac Catheterization Unit of the Assiut University Hospital
from July, 2011 till January, 2013.
Information on demographics, established cardiovascular
risk factors, and medical history was collected for each patient.
Patients with diabetes mellitus, previous surgical revascu-
larization, valvular heart disease, congenital heart disease,
heart failure, and patients on dialysis were excluded from
our study.
The study protocol was approved by the local research eth-
ics committee and written informed consent was obtained from
all patients.
2.2. Synergy between percutaneous coronary intervention With
TAXUS and cardiac surgery (SYNTAX score) and
angiographic analysis
All angiograms were evaluated by two experienced interven-
tional cardiologists blinded to the clinical baseline characteris-
tics of the patients. In case of discrepancy, the opinion of a
third interventional cardiologist was obtained and the ﬁnal
decision was made by consensus.
The SYNTAX Scoring system was used to determine the
extension and severity of CAD on the basis of coronaryTable 1 Baseline characteristics in two groups.
Baseline characteristics Group 1 (n= 48)
Age 56.88 ± 5.74
Sex (male) 21 (43.7%)
Hypertension 42 (87.5%)
Smoking 34 (70.8%)
Previous IHD 35 (73%)
Hyperlipidemia 30 (62.5%)
e-GFR 21.63 ± 4.30
Serum creatinine 2.72 ± 0.44
24 h proteinuria 478.75 ± 561.73
SYNTAX Score 21.81 ± 14.01
IHD: ischemic heart disease, eGFR, estimated glomerular ﬁltration rateanatomic risk factors, including the number of lesions, total
occlusion, bifurcation, trifurcation, aorta-ostial stenosis, tortu-
osity, calciﬁcation, thrombus, diffuse lesion, and small vessel/
diffuse disease. In principle, the SYNTAX Score is the sum
of the points assigned to each individual lesion identiﬁed in
the coronary artery with >50% diameter narrowing in vessels
>1.5 mm diameter.12,13 Patients with in-stent restenosis
lesions were scored in the same manner as if the lesion was
de novo.
3. Assessment of renal function
(a) Serum creatinine:
Serum creatinine (sCr) was measured using the modiﬁed ki-
netic Jafﬂe method on the day before coronary angiography.14
Glomerular ﬁltration rate was estimated using the simpli-
ﬁed Modiﬁcation of Diet in the Renal Study (MDRD)
equation.
Equation is as follows:15
186 Creat=88:4ð Þ1:154  Ageð Þ0:203  0:742 if femaleð Þ
 ð1:210 if blackÞ(b) 24-h proteinuria:
All patients had their 24-h urine protein collected to estimate
the degree of proteinuria in g/day.
4. Statistical analysis
Data were analyzed by statistical package for the social sci-
ences (SPSS, version 16.0).
Continuous variables were expressed as mean ± SD, while
categorical variables were displayed in numbers and
percentages.Group 2 (n= 132) P value
54.43 ± 6.78 0.003
108 (81.8%) 0.004
81 (61.4%) 0.002
80 (60.6%) 0.01
67 (50.7%) 0.0001
74 (56.1%) 0.006
41.05 ± 6.21 0.0005
1.7 ± 0.21 0.0001
235.34 ± 158.96 0.005
11.47 ± 10.98 0.0004
(mL per min/1.73 m2).
Figure 2 Correlation between e-GFR and the SYNTAX Score.
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patients with one-way Analysis of Variance (ANOVA) test for
normally distributed data, while chi-square tests were per-
formed for nominal variables.
Correlations between all variables were calculated with the
Pearson correlation coefﬁcient with adjustment for age, sex,
and other traditional risk factors. P< 0.05 was considered
signiﬁcant.
We used multiple regression analysis for the control of mul-
tiple covariates to analyze the association between CKD and
the SYNTAX Score.
5. Results
The mean e-GFR was 35.87 ± 10.38 ml/min/1.73 m2 ranging
between 15 and 52 ml/min/1.73 m2.
Patients were divided into two groups according to their
e-GFR:
Group 1 with e-GFR P15 to <30 ml/min/1.73 m2.
Group 2 with e-GFR P30 to <60 ml/min/1.73 m2.
Baseline characteristics of the two groups are summarized
in Table 1.
Patients with lower e-GFR (stage 4 CKD) were older, more
likely to be female, have higher SXscores, higher level of 24 h
proteinuria and higher incidence of hypertension, dyslipidemia
and ischemic heart disease (Table 1, Fig. 1).
SYNTAX Score was negatively correlated with e-GFR
(r= 0.5, P= 0.0004) and positively correlated with 24 h
proteinuria (r= 0.6, p= 0.0001) (Table 2, Figs. 2 and 3).
A multivariate regression analysis was performed for the
predictors of the SYNTAX Score, including age and e-GFR.
In this analysis, e-GFR (b= 0.098, P= 0.01) and ageFigure 1 SYNTAX Sco(b= 0.35, P= 0.001) were both independent predictors of
higher SYNTAX Scores (Table 3).
6. Discussion
Chronic kidney disease is closely related to advanced athero-
sclerotic coronary artery changes, which in turn could be ex-
plained by established and emerging risk factors.re in the two groups.
Figure 3 Correlation between 24 h proteinuria and the SYN-
TAX Score.
Table 3 Predictors of SYNTAX scores in multivariate
regression analysis.
Independent variables b Coeﬃcient P value
Age 0.35 0.001
e-GFR 0.098 0.01
24 M.A. Ghany et al.Established risk factors (e.g., diabetes, hypertension, and
smoking) play a role in early CKD,16 while emerging risk fac-
tors including inﬂammation, oxidative stress, hyperphosphate-
mia, platelet dysfunction, sympathetic hyperactivation,
chronic volume overload, anemia, elevated ﬁbrinogen levels,
and reduced nitric oxide bioavailability become more promi-
nent in advanced renal failure.17,18
Several studies assessed the association between CKD and
CAD in terms of lesion morphology,19 severity,20 and Coro-
nary Artery Calciﬁcation (CAC).21
Kramer et al.,21 using electron beam tomography found
that stages 3–5 CKD are associated with increased CAC
scores. Goodman et al.,22 demonstrated that CAC is common
and progressive in young adult patients with end-stage renal
disease. Kılıckesmez et al.,23 examined 216 coronary angiog-
raphies of patients with normal renal function and different
stages of renal dysfunction and identiﬁed coronary lesion com-
plexity according to the ACC/AHA lesion classiﬁcation. The
frequency of complex lesions was higher in the CKD group
and a signiﬁcant tendency for the presence of multivessels
CAD was seen as e-GFR declined. Abaci et al.,24 concluded
that e-GFR was an independent predictor of extension and
severity of CAD among diabetic patients. They used vessel
and Gensini scores to identify the extent and severity of CAD.Kiyosue et al.,25 investigated the severity of CAD in
Japanese patients and revealed that the number of stenotic
coronary arteries was higher in the CKD group.
The above mentioned studies examined the extent and
severity of CAD using the vessel and Gensini score or ACC/
AHA lesion classiﬁcation. Although these scoring systems
are commonly used, they have several limitations in terms of
demonstrating the coronary anatomy in detail and are not con-
sidered as detailed enough to adequately quantify the lesion
complexity.
According to National Kidney Foundation Kidney Disease
Outcomes Quality initiative guidelines of the severity of kidney
dysfunction we divided our patients into two groups:
Group 1 with eGFR P15 to <30 ml/min per 1.73 m2
(Stage 4 CKD) and group 2 with eGFR P30 to <60 ml/min
per 1.73 m2 (stage 3 CKD), as stage 3 represents moderately re-
duced kidney function and stage 4 represents severely reduced
kidney function prior to dialysis.26
Diabetic patients were excluded in our study to clarify the
independent effect of proteinuria as a predictor to coronary
atherosclerosis, as it is well known that most diabetic patients
have proteinurea, moreover diabetes affects both small and
large coronary vessels27,28 which may be underestimated by
the SYNTAX Score.
The SYNTAX scoring system was developed to assist pa-
tient’s selection and risk stratiﬁcation for the SYNTAX trial
(Synergy between Percutaneous Coronary Intervention with
TAXUS and Cardiac Surgery) and provides the ﬁrst evi-
dence-based approach in using optimal revascularization strat-
egies for patients with multivessel and/or left main CAD.29
In our study, coronary arteries lesions complexity increased
progressively with decreasing kidney function as there was sig-
niﬁcant negative correlation between e-GFR and the SYN-
TAX Score (r= 0.5, P= 0.0004) and signiﬁcant positive
correlation between 24-h proteinuria and the SYNTAX Score
(r= 0.6, p= 0.0001).
Our results came in accordance with Coskun et al.29 who
stated that the risk of signiﬁcant lesion complexity increased
progressively with decreasing kidney function and Yan
et al.,4 who conﬁrmed the relationship between kidney func-
tion and angiographically-derived SYNTAX Scores in patients
with established CAD.
According to their results e-GFR is a strong predictor of
higher SYNTAX Scores. More speciﬁcally, patients with mod-
erate and severe (eGFR <60 mL/min per 1.73 m2) CKD had
higher SYNTAX Scores and more frequent CAC.29 However,
the relationship between proteinuria and the SYNTAX Score
has not been assessed in their results.
We found that there was signiﬁcant positive correlation be-
tween 24-h proteinuria and the SYNTAX Score (r= 0.6, P va-
lue <0.0001), as there is increase in the SYNTAX Score with
increase in the level of 24-h proteinuria.
Sukhija et al.,30 in their study of patients with acute coro-
nary syndrome, found a positive correlation between microal-
buminurea (MA) and the severity of CAD, deﬁned as the
involvement of 1, 2, or 3 vessels.
Urinary albumin excretion is known to increase in certain
diseases, particularly in hypertension and diabetes. Further-
more, various studies using multivariate analyses have demon-
strated that microalbuminurea is independently associated
with cardiovascular risk and has a higher prognostic value
compared to conventional risk factors.31
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Intervention Trial (PREVENDIT) and Irbesartan in patients
with type 2 diabetes (IRMA-2) studies demonstrated the car-
dio-protective effects of decreasing MA using fosinpril and
irbesrtan, respectively both in healthy and diabetic patients
with MA. The Lifestyle Interventions and Independence for
Elders (LIFE) study reported cardioprotective effects for the
albuminuria-lowering action of losartan, irrespective of its ef-
fect on cardiovascular risk factors.32–34
Our results of increasing severity of coronary atherosclero-
sis (assessed by the SYNTAX Score) with the presence of pro-
teinurea in non diabetic population came also in accordance
with Deveci et al.,35 who found that even the presence of
microalbuminurea both in diabetic and nondiabetic cases is
associated with an increase in the severity of CAD deﬁned
by the Gensini score.
Although the actual pathophysiologic mechanism between
proteinurea and cardiovascular diseases remains unknown,
proteinurea is thought to be the result of global endothelial
dysfunction involving the entire arterial bed in a generalized
manner rather than being secondary to the increased intra-
glomerular pressure.36,37 The current study has some limita-
tions. First, the sample size of the present study is relatively
small. Second, we evaluated kidney function by eGFR derived
from single serum creatinine rather than direct measurement of
renal function, like iothalamate clearance.
7. Conclusion
Our study concluded that e-GFR and 24 h proteinuria are all
considered as signiﬁcant predictors to the severity of CAD as-
sessed by the SYNTAX Score in non diabetic population.
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